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Abstract- The rapid depletion of petroleum fuels in 

the earth’s crust and the escalating crude oil prices 

has led to search suitable alternative fuels for diesel 

engine applications. The progressively stringent   

emission   norms  in   the   automotive sector and 

the need to  reduce greenhouse gas emission over 

the coming decades, this work is mainly concerned 

with use of various renewable resources such as 

biomass derived fuels that are available in our 

country. Compression ignition engines combine 

excellent fuel efficiency with high power output and 

have the ability to use high quality renewable fuels. 

In this work, experimental investigation 

were carried out on a single cylinder four stroke 

direct injection diesel engine operated rice bran oil 

methyl ester (ROME) In order to study the effect of 

combustion chamber shapes, nozzle geometry on the 

performance of CI engine. This is a literature 

review paper. 

 

I.           INTRODUCTION 

Renewable fuels have advantages in terms of 

renewable, biodegradability, energy security, 

environmental concerns, foreign exchange savings 

and socio- economic issues compared to fossil fuels. 

Therefore renewable fuels can be used predominantly 

as fuel for transportation and power generation.    

Research works have been conducted on biodiesel 

production. But very few studies have been made 

about fastest biodiesel production with low cost and 

simplicity.  Biodiesel from non-edible oils are not 

only renewable, also it leads sustainable 

development. Among several ways available to 

convert neat vegetable oils in   to   biodiesel,   the   

trans-esterification process is found to be the most 

feasible and economical. In addition, a vast majority 

of the scientists reported that short-term engine tests 

using vegetable oils as fuels will be very promising 

but the long-term test results will show higher carbon 

built up and lubricating   oil   contamination   results   

in engine failure.  They concluded that vegetable oils, 

either chemically altered or blended with diesel to 

prevent the engine failure. 

The existing energy sources of energy   from   

fossil   fuels   may   not   be adequate to meet the over 

increasing energy demands. These conventional 

sources of energy are depleting in nature and may be 

exhausted at the near middle end of this century. 

Therefore   sincere   and   untiring efforts    shall    

have    to    be    made    by scientist   and researchers 

in exploring the possibilities of harnessing energy 

from renewable energy sources. The use of 

renewable energy reduces the greenhouse gas 

emissions; gives better energy security to the nation 

and ensures sustainable development.   Because of 

these reasons renewable sources of energy have 

emerged as an option for India and rest of the world. 

India is said to be one of the seven largest consumers 

of energy and the fourth largest oil consumer in  the  

world  (2009). Today it is very much essential to use 

alternative fuel because of energy security, 

environmental concerns, foreign exchange savings 

and socio-economic issues [1]. India’s share in global 

oil reserves is about 0.5 per cent, whereas its share in 

global consumption is about 3 per cent. India is still 

dependent to the extent of 30 to 35 per cent on  non-

commercial fuel  sources  like  cow dung, firewood, 

agricultural waste, biofuels etc. therefore major 

attention and interest is given to tap the energy from 

different renewable sources such as solar, wind, 

biofuels etc [2]. According to the recent reports, 

suggest the share of renewable in the Indian 
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electricity basket is expected to rise to  15 per cent by 

2030.   The Indian state of Karnataka, for instance, 

has set itself a   target   of   generating   5,450   Mw   

of renewable energy resources in the state by 2012 

and  11700  Mw by 2018 [3]. According to  the 

recent  report,  growth of the  economy is  expected 

that the  country will become the world's fourth 

largest consumer  of  energy  by  the  year  2020. 

India currently ranks as the world's seventh largest   

energy   producer,   accounting   for about 2.49% of 

the world's total annual energy production. In India, 

the petroleum fuel consumption during the year 2008 

was 2,962.00 (in 1000 barrels/day) [4]. In 2009, India 

consumed nearly 3 million bbl/d and in the same 

year, India was the sixth largest net importer of oil in 

the world, importing nearly   2.1   million   bbl/d,   or   

about   70 percent, of its oil needs. As per the report, 

India imported 426,360 bpd of Iran's oil in the fiscal 

year 2008/09 [5]. The demand for petroleum  fuel   

will  rise   to   higher   and higher  with  every  

passing  decade and  is expected to reach an amount 

of nearly 250 million metric ton by the year 2024 [6].  

In view of this, to reduce the huge amount of import 

bill of crude oil and become a self reliance in energy 

sector, India has initiated renewable energy use in the 

country since three decades [7] 

Already in India renewable energy 

technologies are deployed both in rural and urban   

areas   to   curb   the   growing   gap between the 

demand and supply of power, which is   due   to   

increase   in   the   per capita  energy  consumption.  

Use  of biodiesel  and bioethanol do not give major 

contribution in the renewable energy compared to 

solar and wind energy but energy from biofuels 

cannot be neglected because India is a land of 

agriculture and 5, 80,000 villages approximately and 

seventy percentage of the population depends upon 

agriculture for their living. Therefore it results in 

benefits for agricultural and rural development,   

including   new   jobs    and income  generation.  The  

move  to  biofuels will create new industries and  

bring increased economic activity. Moreover; Indian 

formers have got rich experience of managing 

commercial energy plantations in varied  climatic  

conditions  [2].  Indian national biofuels policy aims 

to meet 20% of India’s diesel demand with fuels 

derived from plants rather than fossil fuels by 2017 

[8].   Biodiesel produced from chemically treating  of  

raw  vegetable  is  an environmental     friendly    

alternative     to fossil  fuel  and  holds  reasonable  

potential to mitigate the future energy needs of the 

country and to impart economic prosperity. The 

Indian government recently approved a National 

Biofuel Policy that predominantly aims  at  

promoting  private  investments  in the biofuel sector 

for achieving set targets. 

The Govt. of India has taken many steps to 

enhance the production of biofuels [9]. Govt. of India 

encourages to use a non- edible  oils  for  energy  

production applications because of ensure food 

security and  a non- edible oil from the plant seeds is 

the most promising alternative fuel for diesel engine 

applications, because it is renewable, environment 

friendly, non-toxic and biodegradable, also has no 

sulphur and aromatics and has favorable heating 

value, higher cetane number, its chemical structure 

contains long chain saturated, unbranched 

hydrocarbons  are  the  most  favorable property for 

the use in conventional diesel engine 

[10,11,12,13,14,15,16].    But it has been found that 

neat non- edible oil poses some problems when it is 

used directly in an engine as a diesel substitute [10].  

These are   all   due   to   large   molecular   mass, 

chemical structure of oil,  higher viscosity, low 

volatility and poly unsaturated character of  vegetable  

oil  [10,15].  These  problems can be solved, if the 

neat vegetable oils are chemically modified to 

biodiesel, which is similar   in   characteristics   to   

diesel   fuel shown in table 1. 

A.   Biogas 

Biogas from anaerobic digestion of animal manure 

waste can be used as a renewable energy source for 

on-farm power generation. It consists of 60 to 70 

percent methane and 30 to 40 percent carbon dioxide 

with trace quantities of hydrogen, sulphide and water 

vapour. The advantage of using biogas in an engine 

are that it can be produced from   waste   material,   

has high octane rating, has good starting capabilities   

and produces low exhaust emissions. Researchers 

showed that the results indicated that short-term 

performance  between  conventional diesel and dual-

fuel operations was comparable. Biogas/diesel  dual-

fuel  engine  was observed   to   operate   successfully   

with biogas substitution rate at above 90% by mass. 

A high compression ratio raises efficiency. 

Due to its high CO2 content, weak gas (biogas,  

sewage  and  landfill  gas)  has  a high   antiknock  

rate,   making  it   highly suitable   for   combustion   

in   dual   fuel engines. Biogas is admixed to the 

intake air.  This  weak  gas-air  mixture  is 
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compressed in the engine, and the injection of a small 

portion of fuel initiates the ignition in the combustion 

chamber. 

B.   Biofuel 

The various biofuels include Honge, Neem, 

Pongamia, Kusum, Jatropha, Pilu, Tumba, Mahua,  

Jojaba,  Sal,  Mango  Kernal, Cheura, kokum, Chullu, 

Simaruba or other vegetable oil-based fuels. There is 

a wide scope for the production of vegetable oils 

derived from the different oil seeds. Obviously,  only 

non-edible vegetable oil can  be  seriously considered  

as  fuels  for engines as the edible oils are in great 

demand and are far too expensive as fuel. Vegetable   

oil   is   converted   to   simple esters  of   methyl  and  

ethyl  alcohols  to form methyl or ethyl esters using 

transesterification process called Biodiesel. There are 

various processes available for conversions.  The  

most  promising among all the processes is 

transesterification. The reason for this conversion is 

to reduce viscosity of the vegetable oil. 

Transesterification of a vegetable oil was conducted 

as early as 1853 by scientists E. Duffy and J. Patrick, 

many years before the first diesel engine became 

functional. Rudolf Diesel's prime model, a single 10 

ft (3 m) iron cylinder with a flywheel at its base, ran  

on its  own power  for the  first time in Augsburg, 

Germany, on 10 August 1893 running on nothing but  

peanut oil. Biodiesel is made from vegetable oils and 

animal fats. Just like petroleum diesel, Biodiesel 

operates  in  combustion ignition engine   which    

essentially   require   very little  or  no engine  

modifications because Biodiesel  has  properties 

similar  to petroleum   diesel fuels. Biodiesel can be 

blended in any ratio with petroleum diesel fuel.  It  

can  be  stored like the petroleum diesel fuel and 

hence does not require separate storage space. 

C.   Future of Biodiesel in India 

A Joint concentrated action by various government  

agencies,  industries  and research institutes is the key 

to the success of  this  national  level  program.  A  

clear supply chain mechanism and utilization plan is  

necessary like  elsewhere  in  the  world. The  

national  legislation  and  policy  plan for  future  5,  

10  and  20  years  should  be in  place.    It    is    

envisaged    that,    the ministry    of    rural    

development, environment    and  forestry,  petroleum 

and natural gas, agricultural and non- conventional  

energy  can  all  play  leading role in this program. 

Active involvement of industry associations, 

petroleum companies and  NGO’s  can  also  play  an  

important role  for  the  production and  marketing of 

biodiesel.  Research  institutes  need  to quickly 

develop  high  yielding varieties of plants for various 

regions and help in their mass plantation. The help of 

modern biogenetic engineering tools and established 

agro forestry modes should be enlisted for mass 

plantation. The seed collection and processing of raw 

oil could also be taken up as a cooperative 

movement, which has lead to  several  success  

stories  in  India.    The down   processing   of   raw   

oil   and  its supply  to  petroleum  marketing 

companies could   easily  be  achieved   by  the  small 

and  medium  scale  sector.  It  is desirable to set up a 

biodiesel board, which acts as a task force for the 

coordination of plantation, production, distribution 

and marketing activities. 

The government of India through its  

planning  commission has initiated a national 

program to cultivate vast areas of waste / degraded 

lands by plantation  of  oil  bearing  trees. However a 

very vast land area in India is classified as below 

marginal / waste land.  It   is  estimated  that  

currently about 100 million hectares has been 

designated as wasteland and presently under  not  

forming.  Considering  this fact cultivation of  bio-

crops could  be taken up to serve the required 

objectives.  Seven expert groups have studied various 

aspects of biodiesel promotion in India and have 

submitted the report. This initiative will make 

substantial quantities of biodiesel available in next 3 

to 4 years. 

G.   Scope for the Study 

1. Proper mixing of air and fuel is possible. 

2. Can   achieve   higher   Brake Thermal    

Efficiency by controlling  the   emission level. 

3. Able to decide accurate optimization of injector 

position. 

4.    Reduce air Pollution 

5. Capability of being produced locally and low 

investment cost.  

E.    Problem Definition 

The depleting nature and ever increasing cost of 

fossil with their increased demand associated with 

increased pollution from CI engines has caused an 

interest in finding alternative fuels. These 
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conventional sources  of  energy are  depleting in  

nature and may be  exhausted at the near middle end 

of this century. Therefore sincere and untiring efforts 

have to be made by scientist and researchers in 

exploring the possibilities of    harnessing   energy   

from    renewable energy sources (Biofuels).    The 

evaluation of feasibility of using an alternative fuel 

has been of utmost concern. Rapid progress in the 

direction of using biodiesel for compression ignition 

is undertaken in order to become independent of 

diesel. 

The performance of CI engine highly 

depends upon optimization of engine parameters  like  

injection  timing, compression ratio, injector 

pressure, type of combustion chamber, nozzle 

geometry and the properties of biofuel which results 

in brake   thermal   efficiency  improvement  , 

reduced NOx emissions . The present work involves 

study of transesterification  of  Rice  Bran  oil  and 

effect of different types of combustion chamber, 

nozzle geometry and on the performance of CI 

engine operating on combination of Rice Bran oil 

methyl ester (ROME). 

 

III. EXPERIMENTAL SETUP 

Figure 1 shows the schematic experimental set up. 

Eddy current dynamometer is used for loading the 

engine. The fuel flow rate is measured on the 

volumetric basis using a burette and stopwatch. The 

engine is operated at a rated constant speed of 1500 

rev/min. The gas is taken inside the combustion 

chamber by the suction of the engine. The gas flow 

was measured using a calibrated venturimeter 

provided   with   digital   gas   flow   meter. Cooling 

of the engine is  accomplished by circulating water 

through the jackets of the engine   block   and   

cylinder   head.   The cylinder pressure is measured 

using a Piezo electric  transducer  fitted  in  the  

cylinder head. 

For the first phase of the work, the 

transesterification process is carried out for rice  bran  

oil  and  engine  was  made  to run   on   ROME   

which   is   derived   with four  different  combustion 

chamber  shapes (Hemispherical (HCC), cylindrical 

(CCC), trapezoidal  (TrCC),  and  toroidal 

Combustion chamber (TCC) shapes), Keeping 

optimum parameters of injection timing,  

compression  ratio,  injection pressure. These 

optimum parameters are taken from the previous 

study on the same engine      operated      with      

same      fuel  combinations. 

A.   Transesterification setup 

Transesterification will carry out in a system  which  

is  shown  in  the  figure  2. Three necked flat 

bottomed glass flask of 2liter capacity is used for 

transesterification reaction. A double coiled reflux 

condenser is fitted to a neck of the glass flask for 

condensing methanol vapors during the reaction. 

Water is circulated through coils of the   condenser.   

A   plate   heater   with   a magnetic stirrer is used for 

uniform heating of the contents of the flask. Rice 

bran oil, methanol and NaOH are transferred through 

the third neck of the flask. In the transesterification 

process triglycerides of Rice bran oil react with 

methyl alcohol in the   presence   of   a   catalyst   

(NaOH)   to produce fatty acid ester  and  glycerol.  

All the   contents   are   heated   up   to   650C to700C 

and  stirred by the magnetic stirrer vigorously for one 

hour when the ester formation begins. The mixture is 

transferred to a separating funnel and allowed to 

settle down under gravity for overnight. The upper 

layer in the separating funnel forms the ester and   the   

lower   layer   being   glycerol   is removed  from the  

mixture.  The  separated ester is mixed with 250 gm 

of hot water and allowed to settle under gravity for 

24 hours. Water washing removes the fatty acids and 

catalyst dissolved in the lower layer and is separated.       

Fatty   acids   and   dissolved catalyst are removed by 

using a separator funnel. 

B.    Combustion chamber 

In  order to  study the  effect  of combustion   

chamber   shapes   on   the performance of       CI       

engine Hemispherical   (HCC),   cylindrical (CCC), 

trapezoidal (TrCC), and toroidal Combustion 

chamber (TCC) shapes will be used. Figure 3 shows 

the different combustions chamber. 

C.    Nozzle geometry 

To study the effect of nozzle geometry on 

performance of the CI engine two more nozzles with 

4  and  5  holes  each having a constant diameter of 

0.3 mm will be selected. To  determine the optimum 

nozzle  for  fuel operation, experiments have been 

conducted with  above  mentioned  nozzles.  Figure  

4 shows the nozzle nomenclature. 
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IV. CONCLUSION 

In the project work phase-I, I have referred the 

research papers regarding Bio- diesels usage, 

importance and availability, preparation of biodiesel, 

trans-esterification process, Rice Bran Oil, effect of 

combustion chamber shapes and nozzle geometry, 

Low heat rejection engines. 

After referring all the papers I have selected Rice 

Bran Oil as a Biodiesel for carrying out this project 

and for preparation of Biodiesel I have selected 

transesterification process. After  the  survey  of  

research papers regarding effect of combustion 

chamber   and   nozzle   geometry   of    CI engines   I 

have found some disadvantages, hence  I am going to 

carry out the tests of performance, combustion and 

emission characteristics of different combustion 

chamber shapes, different nozzle geometries and Low 

heat rejection engine. 

Hence I conclude to select the title “Effect of 

Combustion Chamber shapes and nozzle geometry on 

the performance, emission and Combustion 

Characteristics of CI engine using rice bran oil as 

biodiesel”. 
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